It would therefore be out of the question to construct a masonry bridge of the length of Quaker Bridge Dam (1350 feet long) as it would be over four times the limit of safety in a possible span. The arch of a curved dam, however, does not carry any part of its own weight (as in the case of a bridge), therefore its strength of arch will bear only the water pressure against it from a full reservoir.
I invite your attention to the following statements on the curved form.
ist. When the section of the Quaker Bridge Dam is of a required area of cross section to resist reservoj? pressure by its own weight, and is then built on a curve, the dam cannot act as an arch.
Such a section (See E F G H, Sheet B) will closely approach the shape of a right angle triangle, with its apex at the surface of the reservoir.
The water pressure against it, from a full reservoir, will be nothing at the surface, and as the pressure increases, at successive depths, a corresponding thickness of masonry in this section increases in due proportion down to its base to sustain such pressure.
In order that arch-thrust may act to transmit pressure to the hill-sides, an elastic movement of the masonry, resulting from water pressure, must, of necessity, take place to produce such thrust.
This approximate triangular section of masonry is of a form that will best resist and practically stop such elastic movement, in the plane of the cross-section, that transmits arch-thrust. It must be remembered, that the possible elastic movement of the vertical transverse cross-section is insignificant when compared with the longitudinal elastic yield through so long a clam.
In short, the stiffness of the triangular cross-section prevents the far greater longitudinal elastic movement required to permit appreciable arch-thrust to reach the hill side.
Therefore, a long, curved dam with a gravity section will resist hydraulic pressure against it by its own weight, and not by arch action.
2nd. Let us next consider the effect of reducing the cross-section for a curved dam at Quaker Bridge, by reducing its breadth of base and thickness of masonry, to a degree that permits bending, or elastic movement, that will allow the dam to act as an arch. Assume the thickness of the clam forming the arch ring to be from 80 to 100 feet, and that it will be sufficiently elastic. We then find that, with a radius of 900 feet, we will have a pressure on voussoir joints of from 42 tons to the square foot with 80 feet breadth of section, to 39 tons with 100 feet breadth of section, on the supposition that the line of strain bisects each joint. Such pressures are, however, beyond safe limit for hydraulic masonry. Again, the elastic movement will throw the weight resultant near the